Cost pass-through to retail prices shows how changes in marginal costs are allocated between producers and consumers, and it is therefore closely related to market structure and competition. This paper uses Swedish data on coffee products at the barcode level to evaluate pass-through from the cost of green coffee beans, the main marginal cost, to the retail price of roasted and ground coffee. First long-run cost pass-through is estimated for each product, and then regression is used to analyse how pass-through varies across market shares, retailer-owned brands and other product characteristics. A general result is that pass-through is roughly complete for products with large market shares, while those with small market shares have low pass-through rates. There is no evidence that retailer-owned brands have higher pass-through than brand-name products with similar market shares, which would be the case if retailer-owned brands avoided double marginalization through vertical integration. Thus, although there is not perfect competition in the Swedish coffee market, a large part of it appears to be highly competitive.
Introduction
Many consumer markets for coffee are characterized by a few dominant multinational or national roasters, with a combined market share often exceeding 60%, and a large number of small roasters and importers (Sutton, 2007) . Not surprisingly, the large roasters are regularly alleged to charge high prices for processed coffee relative to the price of their main input, i.e. green coffee beans. 1 The rapid growth of Fairtrade coffee sales, which increased by about 1,400% between 2000 and 2015, is probably a result of these allegations (Fairtrade Foundation, 2012; Fairtrade International, 2017) .
Nevertheless, there is little empirical evidence of market power in consumer coffee markets for roasted and ground coffee. In fact, most studies find no or a tiny mark-up of price over marginal cost in Sweden and other developed countries (Bettendorf and Verboven, 2000; Feuerstein, 2002; Durevall, 2007a Durevall, , 2007b Gibbon, 2007; Gilbert, 2007; . However, these studies treat coffee as a homogeneous product, due to paucity of data, and therefore fail to capture important market features (Sexton, 2013) . A few recent studies analyse pass-through from marginal costs to retail prices using product-level data and find cost pass-through to be incomplete, i.e. less than 1 in the US (Leibtag et al., 2007; Nakamura and Zerom, 2010) , and far below 1 in Germany and France (Bonnet et al., 2013; Bonnet and Villas-Boas, 2016) . The low pass-through indicates that there is imperfect competition and that prices are higher than marginal costs. This paper analyses how changes in marginal costs, measured by fluctuations in world market green coffee bean prices, are passed on to Swedish retail coffee prices and how pass-through rates are related to market structure. As in previous studies, I focus on roasted ground coffee since green beans is the major input in the production process. Moreover, ground coffee has a market share of 80% in the Swedish retail market.
The Swedish coffee retail market is likely to be representative of many other markets in developed countries (Durevall, 2003; Sutton, 2007) . In the ground coffee segment, the four largest roasters have a combined market share of about 85%. There are a few retailer-owned brands (private labels), several small, mostly local, roasters and some foreign brands.
Moreover, as in most developed countries, the retail sector is very concentrated (McCorriston, 2013) . For example, the largest food chain has about 50% of the market and the four largest account for well over 90% of all sales (Swedish Competition Authority, 2011) .
The retail price data are from the Nielsen company, which collects information from food store cash registers across Sweden. I use data on 68 ground coffee products sold in six regional markets from March 2009 to November 2014, yielding 378 coffee product/regional market combinations (not all coffee products are sold in all markets). For simplicity, I refer to product/regional market combinations as products and coffee products, such as Gevalia 0.500 kg Mellanrost Brygg, as coffees. There are 20 brands (plus a category called Other Brands), of which six are private labels. Prices are measured as value divided by volume, averaged over region since store-level data are not available in Sweden. To measure costs, I use the price of green coffee beans, adjusted for weight lost due to roasting. The cost of beans is estimated to equal 50%-90% of marginal costs (Bettendorf and Verboven, 2000; Nakamura and Zerum, 2010; Bonnet et al., 2013) .
The first part of the study uses unrestricted error correction models to estimate long-run passthrough of industry-wide shocks to marginal costs for each individual product. The choice of model is based on the high persistence of the green bean price series, which can be characterized as unit root non-stationary. The unit root implies that bean prices should be cointegrated with the retail price for costs to have long-run impact, given other input costs.
Since I also have data on quantities, in contrast to most other studies, the second part uses regression analysis to analyse the relationship between market structure and pass-through.
Horizontal market structure is measured by product, coffee and brand market shares, and vertical market structure is measured by the presence of private labels. It is a common assumption that products with a large market share have a lower pass-through than products with small market shares, due to higher markup and more market power. This is what the Dornbusch (1987) model of monopolistic competition predicts, a model widely used in international economics (Burstein and Gopinath, 2014; Feenstra, 2016) . Vertical integration, in the form of private labels, sidesteps the market power of manufacturers of branded products and should prevent double marginalization, i.e. when a downstream firm (retailer) applies a markup on a price set by an upstream firm (roaster) that has market power and 3 therefore also applies a markup. Avoidance of double marginalization should lead to higher pass-through, given market share (Hong and Li, 2015) . Therefore, by controlling for market shares, I can indirectly evaluate whether there is double marginalization.
Finally, as a robustness check, I use the cointegrated VAR model of Johansen (1991) to analyse cost pass-through and adjustment to cost shocks in one regional market, eastern Sweden. I focus on four dominant coffees, which together have a market share of close 50%. The Johansen approach allows me to formally test whether there is perfect pass-through and evaluate the speed of adjustment to cost shocks.
The average pass-through for all products in the sample is estimated to be 0.77 SEK for a 1 SEK change in costs, when negative pass-through rates are set to zero. Bonnet et al. (2013) estimate the average pass-through rate to be below 0.3 in the German market, while Bonnet and Villas-Boas (2016) estimate the pass-through elasticity 2 in the French market to be as low as 0.011 for cost increases and 0.007 for cost decreases. Nakamura and Zerom (2010) obtain a pass-through rate of about 0.9 for the US market. The large differences in estimates are probably due to the combined effect of sample period, the model specification and differences across markets. However, all studies find that average pass-through is incomplete.
A key finding in the present paper is that pass-through rates are highly dispersed, with some rates being zero and others slightly over 1 SEK. As these estimates include both the direct effect of the change in costs and the indirect effects due to strategic interaction, market structure may play a key role in explaining the dispersion. In fact, the four large brands, each of which sells several coffees, have average pass-through rates that are 0.30-0.40 SEK higher than other brands. The only study I am aware of that reports individual pass-through estimates for roasters is Bonnet et al. (2013) , and they, too, find substantial differences. However, it is not straightforward to compare their findings with mine since their study is limited to five big roasters and reports only pass-through elasticities. Moreover, they do not analyse the relationship between market share and pass-through. 2 Many studies only estimate pass-through elasticities. However, evaluation of pass-through rates, i.e., in SEK, facilitates the analysis since an increase in marginal cost by 1 SEK would increase the price by 1 SEK when passthrough is complete, by less than 1 SEK when it is incomplete and by more than 1 SEK when there is overshifting. A pass-through elasticity is complete when pass-through corresponds to a price increase equal to the (often unknown) share of marginal cost of the analysed cost component.
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Another key finding is that the association between pass-through and market share is positive, though non-linear as a pass-through of about 1 seems to be an upper limit. This relationship seems to primarily be due to the market share of the coffee and not the brand, i.e. passthrough rates are low for coffees with small market shares irrespective of whether they are of a large or small brand. This finding of a positive association between pass-through and market share is the opposite of the prediction of Dornbusch's (1987) model and the findings of Atkeson and Burstein (2008) and Hong and Lee (2015) , among others.
Yet another finding is that vertically integrated coffees do not have high pass-through rates, which is contrary to the results of Hong and Lee (2015) . Discount, and to some extent premium, private labels have low pass-through rates relative to their market shares, while standard private labels have pass-through rates consistent with their market shares. Thus, there is no evidence of double marginalization.
The cointegration analysis of the dominant coffees in eastern Sweden strengthens earlier findings. It is not possible to reject a pass-through rate of 1 for any of the four products. 3 The adjustment to a cost shock takes about a year to be completed, probably due to the combined effect of the time it takes to process coffee beans, the existing stocks in food stores and the bargaining between roasters and retail chains.
Since the four largest coffees have a volume market share of about 50% and the ten largest a market share of nearly 70%, the finding of pass-through rates of about 1 for large coffees indicates that a substantial part of the Swedish coffee market is highly competitive. One reason earlier studies on the Swedish coffee market have not found evidence of market power is most likely their use of average retail prices collected by Statistics Sweden, which were based on a small selection of prices of popular coffees. 4 The question is why products with small market shares have low pass-through rates and vice versa. One hypothesis is that it is due to the functional form of consumer demand function, which would have to be concave and vary systematically across market shares, such that the smaller the market share the larger the response of the price elasticity to a price change. However, it is not obvious why the demand for small coffees should respond more to price changes than the demand for large coffees. Another hypothesis is that the regularly occurring bargaining between roasters and retail chains generates the relationship. Roasters might face strong resistance from retail chains when they wish to raise the wholesale prices of coffees with small market shares, since retailers prefer to fill their shelves with the most popular coffees or their own brands. And retail chains might be reluctant to lower the retail prices of small coffees when wholesale prices go down, since they wish to increase their markups on coffees that sell little. Prices on large coffees, on the other hand, are changed when costs change, because both roasters and retailers compete on market shares.
The paper is organized as follows: Section 2 gives a brief review of why pass-through rates might vary across firms and of the findings of earlier studies. Section 3 describes the data and Section 4 outlines the empirical approach. Section 5 estimates pass-through rates and analyses the role of market structure, while Section 6 uses the cointegrated VAR model to analyse prices and costs of large coffees in eastern Sweden. Section 7 concludes the paper.
Pass-through, Demand, and Market Structure
Pass-through of costs to prices has been a research topic for a long time, particularly in the fields of marketing and agricultural and public economics (Bulow and Pfleiderer, 1983; Tyagi, 1999; Weyl and Farbinger, 2013) . Several studies on the topic have recently been published in the field of international economics as well, and have mainly focused on the effect of changes in exchange rates on consumer prices (Burstein and Gopinath, 2014) .
Several factors may affect pass-through, and no model captures all of them. Thus, for expository purposes, I use a Bertrand model from Anderson et al. (2001) to illustrate the key ones when there are industry-wide changes in costs, conveniently measured by a unit tax. 5 I then informally discuss other factors of relevance to the retail coffee market. 6 The model has N firms that each produces one differentiated product, q, at constant marginal cost c. The profit function of firm i is 5 Since my measure of marginal cost is an industry-wide cost shock, the study is related to studies on tax incidence and on studies in international economics that analyse the effect of exchange rate changes on retail prices. 6 See RBB (2014) for a general review of pass-through.
where pi is firm i's price, i p is the set of all other firms' prices,
ii q p p is the demand for the output of firm i, and t is the unit tax. Profit maximization gives the first-order condition
Pass-through is obtained by total differentiation with respect to t. By assuming symmetry between the firms, we can derive an expression for pass-through based on elasticities (see RBB, 2014 for details):
dd dd dp dt
where the numerator of the first ratio,  , DD is firm i's price elasticity with respect to a shift in all prices. It is defined as
The denominator of the ratio is firm i's price elasticity with respect to a shift in its own price, given all other prices:
The second ratio is the elasticity of the slope of firm i's demand curve with respect to the common price
divided by firm i's price elasticity with respect to its own price,
The first ratio in the denominator of Equation (3) can be written as 1 minus the diversion ratio, D, using the assumption of symmetry,
The diversion ratio is the share of firm i's sales that is captured by other firms when firm i raises its price. Inserting 1-D in Equation (3), we get
Equation (8) shows that pass-through is determined by the diversion ratio, the curvature of the demand function, and the firm's price elasticity. In the case of complete product differentiation, that is, firm i is a monopolist, then D = 0 and the value of the ratio between slope elasticity of the demand curve,  , m and the price elasticity,  , dd determines passthrough. For instance, when demand is linear,
we have the textbook case of a passthrough of ½.
It is reasonable to assume that D is generally higher the more firms there are in the market, since then there is more competition. Thus, as competition (the number of firms) increases, D approaches 1 and pass-through approaches 1. Consequently, even when demand is linear, pass-through can be 1. However, competition will also increase firm i's price elasticity, and when there is perfect competition, the ratio  m dd will be zero irrespective of the slope elasticity of the demand curve.
With monopolistic competition and a given D, the curvature of the demand function determines pass-through. When demand is concave, the slope of the demand curve becomes flatter as the price increases, i.e. the firm loses sales rapidly when raising prices. As a result, pass-through is low since  m increases with price. When demand is convex,
declines when the price increases, and it is possible that pass-through is over 1.
There are several multiproduct roasters in the Swedish coffee market, which is not captured by the model. A few studies analyse pass-through in theoretical models where firms produce more than one good, and the results depend on assumptions about functional form and the size of second-order effects (Besanko et al., 2005; Moorthy, 2005) . However, by developing 8 a structural model for the Swedish beer market, Romahn and Friberg (2016) provide evidence that multiproduct firms are likely to have lower pass-through than single-product firms, both when there are industry-wide and firm-specific cost shocks. A multiproduct firm will consider all its products jointly when it sets optimal prices, taking into consideration that an increase in one of its prices will divert some sales to the firm's other products. The diversion reduces the required adjustment after a cost shock, compared with a singleproduct firm. However, the difference in pass-through between a single and a multiproduct firm may be small unless the multiproduct firm sells very many products, making it challenging to detect differences in an observational study.
The shape of the cost function may also affect pass-through. An upward-sloping marginal cost function decreases pass-through both in perfectly competitive and oligopolistic markets. The size of the effect depends on the ratio between the elasticities of supply and demand; the smaller the supply elasticity the smaller the pass-through, given demand elasticity. Nonetheless, the assumption of constant marginal costs is standard in the literature on coffee since processing of ground coffee is highly mechanized, but simple, and involves only a few workers (Bettendorf and Verboven, 2000; Sutton, 2007; Nakamura and Zerom, 2010) . Moreover, as coffee consumption in Sweden is small relative to the world supply of beans, demand does not affect bean prices. Therefore, upward sloping marginal costs are unlikely to have a major impact on pass-through.
Some models allow for heterogeneous firms (Dornbusch, 1987; Feenstra, 2016, Ch. 6) . In these models there is usually a negative relationship between market share and passthrough: firms with large market shares have large markups and adjust the markup instead of the price after a change in marginal costs. Several studies also find a link between the degree of product pass-through and horizontal market structure (Atkeson and Burstein, 2008; Amiti et al., 2014; Hong and Li, 2015; Auer and Schoenle, 2016) . 7 7 The Dixit-Stiglitz model of monopolistic competition has identical firms and constant markup, and thus a passthrough rate of 1. Dornbusch (1987) introduces the assumption that firms take the effect of its own price on the overall price index into account, which makes pass-through lower the larger the impact a firm's price has on the price index. The Dornbusch (1987) model has become a workhorse in international economics (Burstein and Gopinath, 2014) .
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Most ground coffees are brand-name products processed and distributed to retailers by roasters. When upstream and downstream firms, i.e. roasters and retailers, have market power, there might be double marginalization. 8 As a result, there is markup on markup, and pass-through is lower than when a monopolist owns both the upstream and downstream firms. The number of private labels has been increasing for several years in many countries, including Sweden. This can be seen as vertical integration, since products without the manufacturers' label are introduced. Private labels are expected to have a higher passthrough than brand-name products since they sidestep the roasters' markup, though a large market share would have a counterbalancing effect. However, by controlling for market shares, Hong and Li (2015) show that private labels in the US have substantially higher passes-through rates than branded products.
In Sweden, large roasters and retail chains meet regularly to negotiate wholesale prices, so relative bargaining power and pricing contracts could influence pass-through. 9 Thus, double marginalization could be prevented by outright collusion, though this is illegal and unlikely given the number of actors. However, there are many types of vertical contracts. Based on simulation of structural models, Bonnet et al. (2013) find evidence of resale price maintenance in the German ground coffee market, which increases pass-through relative to double marginalization.
Finally, the model is static and pass-through is treated as the equilibrium price response to a change in costs, ignoring dynamics. Nakamura and Zerom (2010) examine short-run adjustments in the US coffee market using a structural model. They find that menu costs matter in the short run but not after a year or so. A related question is whether prices rise faster than they fall after a change in marginal costs (Peltzman, 2000) . Nakamura and Zerom (2010) do not find robust evidence that coffee prices systematically react asymmetrically, but three coffee market studies find that cost increases are passed on faster to retail prices than cost decreases: Gómez et al. (2009) and Lee and Gómez (2013) apply time series methods to average market data from the US, France and Germany, and Bonnet and Villas-Boas (2016) estimate and simulate a structural model based on product data from France. Asymmetry is primarily a short-run phenomenon, which I ignore in the present study since it is difficult to identify with six years of data when costs are highly persistent (see Figure 1) . Thus, to conclude, studies of market power in coffee retail markets, which assume that coffee is a homogenous product and use average market prices, fail to find evidence of market power (Gibbon, 2007) , while those that use product-level data find pass-through rates that are below 1 and conclude that there is imperfect competition. Assuming highly elastic supply, a passthrough rate below or above 1 is evidence against perfect competition. However, as evident from theory, the presence of a pass-through rate of 1 is neither a necessary nor a sufficient condition for perfect competition. Yet, by analysing how pass-through of individual products is related to horizontal and vertical integration, an informed judgement can be made. Previous studies on product-level data focus on average pass-through, though based on individual product prices.
The Data
The retail data are from the Nielsen company, which collects weekly scanner data on value and volume at the EAN (barcode) level of daily sales from 3 088 Swedish stores. Coffee is grouped into seven market segments, but I focus on the by far largest segment, roasted and ground coffee. Nielsen also collects information on a number of product characteristics, such as brand, manufacturer and whether the product is organic. I use this information to distinguish between pass-through rates for the major brands, three types of private labels (discount, premium, and standard) and conventional and organic coffee; as all Fairtrade coffee is organic, it is not modelled separately.
Unfortunately, Nielsen does not make store-level information available in Sweden, so values and volumes are averages for six regional markets. I use monthly averages to reduce the number of missing observations (all products are not sold every week) and the noise-toinformation ratio; it clearly takes more than a week for a change in coffee bean prices to affect retail prices. Prices, obtained by dividing value by volume, are in Swedish kronor (SEK) per kilo at the barcode level by region.
One feature of retail prices is that they sometimes decrease due to sales, but there is no information in the database on sales. Some studies filter the price series to remove temporary 11 decreases and analyse normal prices or reference prices (Eichenbaum et al., 2011; Lloyd et al., 2014 Since I analyse individual time series, products with missing observations have been dropped.
They amount to 12% of the sample in volume terms. Most of them are coffees that were introduced in, or removed from, the market during the study period. As Table 1 There is no information on commodity costs for manufacturers or brands, so green coffee bean prices in SEK are used to measure cost shocks. There are two sources for bean prices:
the International Coffee Organization (ICO) collects price data from terminal markets in Europe and the US, and Statistics Sweden publishes value and volume of monthly imports of green coffee beans. I use prices based on import data from Statistics Sweden, but the choice does not matter much for the results, except that ICO prices take longer to affect retail prices.
The reason for the similarity between of import prices and prices set at the commodity exchanges is that the latter function as price guides for physical coffee trade (International Trade Centre, 2011) the ADF test with one lag (longer lags are insignificant), a constant, and a time trend gives a tvalue of -1.4 (5% significance value is -3.47) and an estimated root of 0.97.
Empirical Approach
The most commonly used model to estimate pass-through is the distributed lags model in rates of change, i.e. the first difference of the log-level of prices and costs (Nakamura and (2013) estimate static fixed effects models in log levels. One reason for using rates of change is probably that often only price indexes are analysed in international economics and the focus is on changes in the exchange rate. Another reason is the risk of spurious correlation, since some series might be unit-root non-stationary.
A drawback of using first differences is that important information about the long-run passthrough is ignored if the series have unit roots and are cointegrated, which, as evident from Figure 1 , seems to be the case for ground coffee. Thus, I estimate models in levels. Spurious regression is unlikely to be a major issue for ground coffee, since the cost of green coffee beans is the by far largest component of marginal cost (Bettendorf and Verboven, 2000; Nakamura and Zerum, 2010; Bonnet et al., 2013) . Moreover, bean costs usually fluctuate much more than other production-related costs, and this was true for Sweden during the 10 The weight lost from roasting is common knowledge. See e.g. European Coffee Federation (2011).
11 Hassouneh et al. (2012) provide a review of approaches used when analysing fairly long time series of market data.
13 study period, when compared with wages and the consumer price index. 12 Bean costs and retail coffee prices are therefore expected to have the same stochastic trends. However, some retail prices are stationary, as mentioned, and some could be non-stationary but unrelated to costs, implying that long-run pass-through is zero. This could occur because real retail prices are kept more or less fixed over the study period, or because of large abrupt price changes due to revised price policies. In these cases, the pass-through estimates are small or in some cases even negative.
Static models in levels are easy to estimate and might provide adequate long-run pass-through rates when the variables are integrated of order one and cointegrated. However, a static model with monthly data is not likely to capture the dynamics adequately; i.e. the common factor restriction (implicitly) imposed is often invalid (Ericsson and MacKinnon, 2002) . It might also fail to provide consistent estimates of pass-through when the dependent variable is stationary and lags are needed to specify the model correctly. I therefore estimate passthrough coefficients for each product using an unrestricted error correction model specified Moreover, as robustness check, in Section 6 I formally test for coingration in a multivariate framework in one of the six regional markets using the battery developed by Johansen (1991) . Figure 2 reports the estimates of the pass-through rates. 13 The vast majority are larger than zero, as expected. Those with negative pass-through are mostly odd products with almost constant prices and very small market shares. One product with a pass-through rate of 2.1 is excluded from the figure to improve readability; a detailed analysis revealed that the high value is due to a large structural break at the end of the sample.
Pass-Through Rates and the Role of Market Structure
Most pass-through rates fall in the 0.5-1 range. This is also the case when long-run passthrough is estimated with a static model in levels, though the pass-through rates are somewhat lower on average (see Figure A1 in the appendix). The correlation between the two measures is 0.92. When pass-through rates are estimated with distributed lags models in first differences, the pass-through rates are clearly lower, as Figure A2 in the appendix shows. The models have 24 lags, but adding more lags does not increase pass-through rates. Thus, distributed lags models seem to underestimate the size of the pass-through rates since they do not use information contained in the levels of the variables.
Some estimates are larger than 1, but this is probably due to estimation uncertainty; almost no 95% confidence interval excludes the value of 1. Thus, there is no evidence of highly convex demand functions, i.e. functional forms that generate pass-through larger than 1. Figure 3 depicts the estimated pass-through coefficients and market shares, in logs for visibility, for the 68 coffees. It shows that the larger the market share, the higher the passthrough. This relationship is contrary to the prediction of models in which the size of the market share is related to market power, indicating that coffees with large market shares compete for customers. The relationship is also non-linear, as a pass-through rate of 1 seems to constitute a (fuzzy) upper limit. Table 2 reports regressions that test for the association between pass-through rates and market shares. Since it is not obvious how to measure market shares, three measures are 13 Since I estimate about 1 000 regressions, the key results are reported in graphs. The actual estimates are available on request. 15 used: product, coffee and brand market shares. To capture the non-linear relationship, both level and squared market share terms are included.
Nor is it obvious how to deal with very low and negative pass-through rates, which presumably are zero. Hong and Li (2015) simply exclude products with negative pass-through in their analysis. However, two types of products have negative pass-through rates, private labels and imported coffee from brands primarily sold to immigrant groups. Thus, instead of removing all of them, I include a dummy for Najjar and Bosnia (Zlatna Dzezva) products, which make up about half of those with negative pass-through rates. The others are primarily private labels, which are of interest for the study. I also estimated models with all pass-through rates below 0.1 set to zero, but the results only changed marginally (the results are available on request). Table 2 shows that there is a strong positive, but non-linear, association between passthrough and market share. For example, at the median coffee market share, 0.005, the passthrough is 0.70, and at a coffee market share of 0.05, it is 0.84. Market shares measured at the coffee level have a somewhat larger explanatory power than the others, while the lack of significance for brand shares might be because of the relatively small number of brands, but most likely it is because the product and coffee levels matter more for pricing decisions than the brand level (as shown below). Table 3 reports specifications that aim to further describe differences in pass-through. Column (1) adds three types of private labels (discount premium, and standard), type of roast (dark and unspecified; the base is medium roast) and organic coffee to Table 2's column (2). Private labels should have a higher pass-through in monopolistic markets, given market share, since they avoid potential double marginalization. However, both discount and premium private labels have a lower pass-through rate than other coffees, while the standard one has the same rate, given market shares. The dummies for dark roast and organic coffee are insignificant, while unknown roast is significant at the 5% level. The coefficients of product market share and squared product market share are unaffected by the inclusion of the other variables.
Column (2) replaces market shares with dummies for the four large brands. They are all significant at the 1% level and show that the large brands have pass-through rates that on average are about 0.3-0.4 SEK higher than the other brands. Column (3) shows that these results are not due to the other variables included in the model.
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Column (4) restricts the sample to the four large brands to test whether pass-through rates differ across their products. Although the market share coefficients have the same signs as in the other regressions, they are much smaller and insignificant. However, two of the large brands, Gevalia and Classic, have pass-through rates that vary with market shares, as reported in columns (5) and (6). This is not the case for the other two, Löfbergs Lila and Zoega (not reported). Figure 4 sheds further light on the relationship between pass-through and the 20 brand market shares. Average pass-through rates are similar for the four largest brands, but there is a fairly large variance among the products of each brand. Moreover, it is clear that only very small brands have pass-through rates close to, or below, zero.
Analysis of Large Coffees in the Eastern Swedish Market
To provide additional support to the findings that a substantial part of the Swedish coffee market is competitive, I use the cointegrated VAR model and the Johansen approach to analyse pass-through and dynamic price interaction among large coffees. I focus on one market, eastern Sweden, which covers the most densely populated areas of the country, including the Stockholm region, Uppsala, Nyköping and Norrtälje. The advantage of the Johansen approach is that it allows me to formally test hypotheses about long-and short-run parameters in a multivariate setup, i.e. the size of pass-through rates and the direction of adjustment to changes in costs (Juselius, 2006; Hoover et al., 2008) .
Figures 5 and 6 depict real retail prices net of VAT for the four largest coffees in terms of volume market shares nationally: Gevalia Mellanrost Brygg, Gevalia Mellanrost E-brygg, Classic Mellan Brygg and Zoegas Skånerost. The by far largest coffee is Gevalia Mellanrost Brygg, which has a market share of about 20% in eastern Sweden. Classic Mellan Brygg has a market share of 14%, while Gevalia Mellanrost E-brygg and Zoegas Skånerost have about 5% each.
As evident from the figures, all prices seem to be non-stationary and follow a pattern similar to the cost of coffee beans. Moreover, the prices of Gevalia Mellanrost Brygg and Gevalia Mellanrost E-brygg are practically identical, while Classic Mellan Brygg is a bit more expensive than the Gevalia coffees and Zoegas Skånerost is clearly more expensive. There is a notable increase in the difference between Zoegas Skånerost and the others in 2012, as the price of Zoegas declines more slowly than the other prices, but in 2014 the difference has returned to the pre-2012 level. The data is not informative of whether this deviation was a one-time event. Since the two Gevalia prices provide the same information, I drop Gevalia Mellanrost E-brygg from the analysis.
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The Johansen approach is based on the VAR model specified in error correction form:
where t x is a vector of potentially endogenous variables,  is the first difference operator, D is a vector of deterministic terms, such as constant and seasonal dummies and  t is white noise (see Juselius, 2006) . The lag length of the corresponding VAR in levels is set to two for illustrative purposes.
The coefficients and hypotheses tested are easiest to understand if the model is (partly) written in matrix form. I assume (and later show) that there are three long-run relations (cointegrating vectors).
We then have , and , and of whether there is short-run adjustment,  1 , due to lagged changes in  .
t x
A key step in the analysis is to determine the cointegration rank (assumed to be three above), i.e. the number of long-run relationships. The Johansen approach uses the trace test, which is based on the maximum likelihood procedure. Given that I only have 66 observations, additional information should 18 also be used to determine the rank (Juselius, 2001) . I use the point estimates of the eigenvalues, which should be clearly larger than zero, the size of the adjustment coefficients, and economic reasoning. The estimates of the coefficients of the bean costs are all negative and close to 1. The adjustment coefficients, also reported in Panel 4, show that all adjustments are probably due to changes in the individual coffee retail prices; there is no evidence of one coffee retail price affecting the others since all  ij are close to zero and insignificant.
Next, I test the restrictions that all the bean cost coefficients are -1, i.e. that the pass-through is 1 (Panel 5). The likelihood ratio test static has a p-value of 0.33, so the hypothesis is not rejected. Then I set adjustment coefficients to zero to test whether the retail prices affect each other (Panel 6). The p-value is 0.42, so there is no evidence that adjustment to the long-run equilibrium in one vector affects other prices.
14 In principle, there may be more than one common trend in the model because of other real marginal costs. If these contained a stochastic trend, coffee retail prices would not form a cointegrating vector with coffee bean costs only. However, as mentioned, other real marginal costs evolved slowly during the study period (relative to bean prices) and they do not seem to matter for the long-run relationships. In fact, other marginal costs are captured by the intercept, as deterministic trends added to the VAR model were insignificant (not reported).
Finally, to highlight the short-run dynamics, I report the vector error correction model in Table 5 , where clearly insignificant lags have been excluded. 15 The error correction terms are lagged two months, since it takes several weeks for the imported beans to be processed and reach the market. Yet instead lagging them one month does not alter the models much. There is fairly rapid adjustment after a change in costs for the Gevalia and Classic coffees: About 60% of a deviation from the long-run equilibrium is eliminated within a month. Moreover, lagged changes in bean costs affect the prices of Gevalia and Classic coffees, and changes in the price of Gevalia speed up changes in the price of Classic coffee in the following month.
The equations in Table 5 look unintuitive because of the negative coefficients. Thus, to see how prices evolve over time, it is convenient to re-write the error correction model into levels. Equation 12 shows models for the prices of Gevalia and Zoegas Skåne; Classic Mellanrost is similar to Gevalia, 
Both prices respond to an increase in bean costs with a lag. Then there is adjustment over the following months: after a 1 SEK increase in bean cost, the price of Gevalia increases by 0.50 SEK in the following month, and reaches 1 SEK after about twelve months. The price of Zoegas adjusts somewhat more slowly after a cost increase, rising to 1 SEK over 18 months. This might be because of the sluggish price decline during period 2012-2014.
Conclusion
The purpose of this paper is to shed light on the functioning of the Swedish retail coffee market by estimating long-run pass-through rates from the cost of green coffee beans to retail prices and analysing how they are related to horizontal and vertical market structure. The focus is on roasted and ground coffee, the market segment analysed in almost all previous studies on coffee markets. The Swedish market, which is similar to other Northern European markets, has four large brands and a very concentrated food retail sector with three dominating food chains (Swedish Competition Authority, 2011 ). Yet, despite the high concentration, most studies fail to find evidence of market power in Sweden and other coffee consumer markets with similar market structure (Bettendorf and Verboven, 2000; Feuerstein, 2002; Gibbon, 2007; Durevall, 2007a Durevall, , 2007b Gilbert, 2007 Gilbert, , 2008 . These studies use average market prices and treat coffee as a homogenous product. A few recent studies use product-level data to analyse cost pass-through from green coffee beans to retail prices, which relaxes the homogeneity restriction. They find pass-through to be far below 1 in France and Germany (Bonnet et al., 2013; Bonnet and Villas-Boas, 2016) , and somewhat below 1 in the US (Leibtag et al., 2007; Nakamura and Zerom, 2010) . Thus, there is conflicting evidence on how competitive retail coffee markets are.
I estimate that a 1 SEK cost increase raises prices by 0.77 SEK on average when negative passthrough rates are excluded from the analysis and by 0.69 SEK when they are included.
However, pass-through rates vary from about zero to slightly above 1. Some products have pass-through rates above 1, but only a few are significantly larger than 1 at the 5% level.
The difference in pass-through rates are largely explained by difference in market shares. The association is positive but non-linear, as a pass-through of about 1 is the upper limit. On average, the four large brands have a pass-through rate that is 0.30-0.40 SEK higher than the other brands, while coffees with small market shares have low pass-through rates. This does not hold only for small brands, but to some extent also for large brand coffees. Several of the odd brands (aimed at immigrant groups) and discount private labels have very low, or zero, pass-through rates.
There are three types of private labels, i.e. discount, standard and premium, and none of them have higher pass-through rates than brand-name coffees, given market shares. Thus, there is no evidence of double marginalization in the Swedish ground coffee market, since this would lead to low pass-through which should be eliminated by vertical integration.
Since the market share of the four and ten largest coffees are 50% and 70%, respectively, the Swedish market for roasted and ground coffee seems to be highly competitive. This result is in line with earlier studies that report no or very small markups over cost using average market prices. One reason for these earlier results is probably that the average prices used are dominated by coffees with large market shares, since Statistics Sweden prior to 2012 selected products to be measured for CPI based on sales.
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The finding of a positive association between pass-through and market share is contrary to the prediction of Dornbusch's (1987) model and the findings of earlier studies on retail prices in general (Atkeson and Burstein, 2008; Hong and Li, 2015; Auer and Schoenle, 2016) . The explanation for the pass-through rates of large coffees is straightforward, i.e. a high degree of competition; the alternative, i.e. that it is due to the shape of their demand curves, seems unlikely. It is less obvious why the small coffees have low pass-through rates. One plausible explanation is that they face little competition from other coffees and have linear or concave demand functions, i.e. they are close to being monopolies. This probably applies to imported brands aimed for immigrant populations but not local brands. Another possible explanation is that given competition, they face highly concave curves, implying that a small price change leads to a large loss in sales. This concavity could be because consumers of small coffees respond strongly to price changes. However, it could also be due to bargaining between roasters and retail chains. Reduction of shelf space is the main threat used by retail chains when roasters wish to increase wholesale prices. This threat is likely to be effective for coffees with small market shares, but not for the most popular ones. Moreover, when the cost of green coffee beans falls, retail chains might not lower retail prices fully for small coffees even if wholesale prices decline, or roasters might be unwilling to reduce wholesale prices for small coffees increase profits.
To conclude, the Swedish ground coffee market seems to be far from a typical monopolistic or oligopolistic market; pass-through rates are high, particularly for popular coffees. In fact, a large part of the market seems to be quite competitive, although there are deviations from perfect competition. Nevertheless, more research is needed to explain the systematic positive relationship between pass-through rates and market shares. Notes: Najjar/Bosnia is a dummy for Najjar and Bosnia (Zlatna Dzezva) products, out of which all but one have negative pass-through rates. Standard errors are clustered at the product level except when brand shares are included; in which case clustering is at the brand level. * p<0.05; ** p<0.01. Figure A1 . Long-run pass-through rates estimated with static models and unrestricted error correction models Figure A2 . Long-run pass-through rates estimated with unrestricted error correction models and distributed lags model in log first differences, 24 lags. 
